1. Introduction {#sec1-ijerph-17-03015}
===============

Cleft lip and/or palate (CL/P) is one of the most common congenital anomalies. The global live births incidence is 1.2/1000 \[[@B1-ijerph-17-03015]\]. The incidence in China is 1.48--3.27/1000 live births \[[@B2-ijerph-17-03015],[@B3-ijerph-17-03015]\], which is greater than that in other regions, such as North America (1.56/1000), Europe (1.55/1000), Oceania (1.33/1000), South America (0.99/1000), and Africa (0.57/1000) \[[@B4-ijerph-17-03015],[@B5-ijerph-17-03015],[@B6-ijerph-17-03015]\]. Cleft palate speech is known as one of the most mysterious communication disorders. Because of the intricate interactions between surgical intervention, speech and language skills and the great variability in craniofacial morphology, even patients who are diagnosed with the same type of cleft lip and palate could exhibit different responses to the treatment \[[@B7-ijerph-17-03015]\]. As a result, the treatment of cleft palate speech is far from simple and clear, but calls for further investigation \[[@B8-ijerph-17-03015],[@B9-ijerph-17-03015]\].

Phonetic learning (i.e., acquiring pronunciation information about words) and semantic learning (i.e., learning the meanings of language symbols, like sounds and text) are inseparable in the process of language acquisition \[[@B10-ijerph-17-03015],[@B11-ijerph-17-03015]\]. Early word learning plays an important role in shaping the phonological system among infants aged 7--17 months, which is also a functional reorganization period \[[@B12-ijerph-17-03015],[@B13-ijerph-17-03015]\]. Additionally, infants at this age group experienced a transition from a stage of sensitivity to phonetic details in syllables to a stage of reorganization of phonetic information, in which infants demonstrated difficulty with discriminating phonetically similar words \[[@B12-ijerph-17-03015]\]. In the process of mapping phonetic information to meaning---that is, to the corresponding referent in the context, such as an object, a person, or things that the infant sees, hears, or even asks for---infants also constantly develop their capacity for phoneme processing and, further, gradually establish their native language system, in particular the phonological system \[[@B10-ijerph-17-03015]\]. This is a critical period for early development of the phonological system, during which infants with cleft palate generally receive the most important intervention, i.e., the cleft palate operation. The impact of cleft palate on the early development of children's sound system occurs far earlier than 12 months of age \[[@B14-ijerph-17-03015]\]. Research on speech sounds and syllabic features in babbling has demonstrated that, in the prelinguistic stage, compared to typically developing (TD) children, infants with CL/P are more likely to have a relatively late babbling stage, and their frequency of babbling is also not as high as the TD children \[[@B15-ijerph-17-03015],[@B16-ijerph-17-03015],[@B17-ijerph-17-03015]\]. In addition, children with CL/P normally have fewer oral plosives and apical consonants, but produce more nasals and glottal sounds \[[@B18-ijerph-17-03015],[@B19-ijerph-17-03015],[@B20-ijerph-17-03015]\].

More interestingly, unlike TD children, the transitions from nonverbal communication to verbal perception and production are delayed, and their accumulation of the consonants inventory is usually not sufficient \[[@B21-ijerph-17-03015]\]. Some studies have found the receptive language skills of infants with CL/P to be "typical" compared with non-cleft infants of the same age \[[@B22-ijerph-17-03015],[@B23-ijerph-17-03015]\]. With the assessment of standardized tests, studies found that infants with CL/P also suffered from a delayed development of expressive language skills \[[@B23-ijerph-17-03015],[@B24-ijerph-17-03015],[@B25-ijerph-17-03015],[@B26-ijerph-17-03015],[@B27-ijerph-17-03015]\]. Various factors may contribute to the delay of early vocabulary skills in children with CL/P, including anatomical differences, phonological disorders, central nervous system dysfunction and sociocultural impacts \[[@B23-ijerph-17-03015],[@B28-ijerph-17-03015],[@B29-ijerph-17-03015],[@B30-ijerph-17-03015]\].

The Mandarin syllable structure is relatively simple (C~0--1~VC~0--1~ + Tone); CL/P infants are more likely to resolve their articulation difficulties through the omission of initial consonants, which is similar to Cantonese-speaking CL/P children \[[@B31-ijerph-17-03015]\]. This may play a role in limiting recognition of their speech by caregivers. Mandarin-speaking CL/P children may face more challenges than their English-speaking peers.

Surgeons, speech pathologists, and members of cleft palate/craniofacial teams have been trying for decades to gain some kind of "sure grip" on the relationship between age at palatoplasty and children's speech development \[[@B9-ijerph-17-03015]\]. In China, 9--12 months is considered the optimal age period for palatoplasty \[[@B32-ijerph-17-03015]\]. However, it may be very difficult for some patients to take the treatment at an appropriate time, due to many potential factors, such as the great gap in economic status and obtaining of medical information regarding cleft treatment between urban and rural patients. Research on speech and language pathology in mainland China is still rather primitive, and the field lacks language assessment tools with satisfactory validity and reliability \[[@B33-ijerph-17-03015]\]. More importantly, compared to children with CL/P who have had the palatal surgery, the language skills of children with CL/P at the pre-surgery stage have received less attention \[[@B23-ijerph-17-03015]\] and deserve more investigation. Besides, studies on the vocabulary skills of Mandarin-speaking infants with CL/P are even more sparse \[[@B26-ijerph-17-03015]\].

Therefore, in order to further provide a research basis for early intervention programs for Mandarin-speaking infants with CL/P, this study aimed at (1) identifying the receptive and expressive vocabulary skills among Mandarin-speaking infants with unrepaired CL/P; and (2) explore associations between their sociodemographic and clinical characteristics and vocabulary skills. We hypothesized that receptive and expressive vocabulary skills among infants with unrepaired CL/P could lag behind standardized norms, and age could be positively associated with impaired and delayed vocabulary skills.

2. Materials and Methods {#sec2-ijerph-17-03015}
========================

2.1. Settings, Subjects and Data Collection {#sec2dot1-ijerph-17-03015}
-------------------------------------------

This retrospective study patients at the Cleft Lip and Palate Center of Stomatological Hospital of Xi'an Jiaotong University between July 2017 and December 2018. Cleft lip and palate patients were diagnosed according to ICD-10 (Code: Q35, Q37) and classified according to the Veau's simplified classification of palatal clefts \[[@B34-ijerph-17-03015]\]. Infants with unrepaired cleft lip and/or palate before palatal surgery and aged 8--16 months were included. Those with a clear diagnosis of other comorbidities (such as syndrome clefts) or stunted growth were excluded. The study protocol was approved by the Ethical Committee of Xi'an Jiaotong University Health Science Center (protocol number: 2019-754).

2.2. Assessment {#sec2dot2-ijerph-17-03015}
---------------

Basic sociodemographic and clinical characteristics, including sex, months of age (age in months was equal to age at operation; age in months was coded into clinically relevant age groups: 8--10/11--13/14--16 months \[[@B35-ijerph-17-03015],[@B36-ijerph-17-03015]\]), type of clefts, province (Shaanxi/others), maternal and paternal education level, and main companion--infant interaction time (hours/day) were extracted from medical records.

Receptive and expressive vocabulary skills were assessed using the Putonghua Communicative Development Inventories-Short Form (PCDI-SF) of vocabulary and gestures forms (Cronbach's alpha: 0.84--0.99) \[[@B37-ijerph-17-03015]\]. The Putonghua MacArthur--Bates Communicative Development Inventories (PCDI) \[[@B38-ijerph-17-03015]\] were adapted from the MacArthur--Bates Communicative Development Inventories (MCDI) \[[@B39-ijerph-17-03015]\] and were validated in Chinese infants aged 8--30 months \[[@B40-ijerph-17-03015]\]. It is a parental reporting assessment, which consists of two parts: one for children from 8 to 16 months (vocabulary and gestures) and another for 16--30 months (vocabulary and sentences). There are three parts in the PCDI-SF for 8 to 16 months, including "response to language in the early years", "actions and gestures", and "vocabulary". Parents were required to complete this questionnaire upon admission. In this study, we used 106 items regarding "vocabulary". Whether the "receptive vocabulary skills" and "expressive vocabulary skills" lag behind (delays in vocabulary skills) was screened and evaluated by comparing with the standardized norms of the child's vocabulary development level. If the receptive and expressive vocabulary size were less than the age-equivalent size of the 50th percentile of the standardized norms, the participants would be rated as "delay" \[[@B37-ijerph-17-03015]\].

2.3. Data Analysis {#sec2dot3-ijerph-17-03015}
------------------

Statistical analyses were performed using STATA version 13.0 (Stata Corporation, College Station, TX, USA). The sociodemographic and clinical characteristics of those whose receptive vocabulary skills were and were not delayed, and those whose expressive vocabulary skills were and were not delayed, were compared by using a chi-square test.

Multiple logistic regression analyses were conducted by setting delays in receptive vocabulary skills and delays in expressive vocabulary skills as the dependent variables, separately; sex, age in months, type of cleft, province of residence, maternal education level, paternal education level and interaction time were the independent variables. The significance level was set at 0.05 (two-tailed).

3. Results {#sec3-ijerph-17-03015}
==========

3.1. Basic Characteristics of the Participants {#sec3dot1-ijerph-17-03015}
----------------------------------------------

A total of 134 children before cleft palate surgery were included in the study. The children were aged between 9 and 16 months (12.43 ± 1.77 months), and 48.51% (*n* = 65) of them were girls. [Table 1](#ijerph-17-03015-t001){ref-type="table"} displays the sociodemographic and clinical characteristics of the whole sample and separately by delays in receptive and expressive vocabulary skills. The prevalences of delays in receptive vocabulary skills and expressive vocabulary skills were 72.39% (95% CI: 64.00--79.76%) and 85.07% (95% CI: 77.89--90.64%), respectively. A total of 64.18% (*n* = 84, 95% CI: 55.44--72.27%) of CL/P infants had delays in both receptive and expressive vocabulary.

The univariate analyses showed that age significantly differed with lagging behind in expressive vocabulary skills (X^2^ = 12.97, *p* = 0.002). A significant difference was found in main companion--infant interaction hours (X^2^ = 4.71, *p* = 0.03) with lagging behind in receptive vocabulary skills.

3.2. Associations between Expressive and Receptive Vocabulary Skills and Sociodemographic and Clinical Factors {#sec3dot2-ijerph-17-03015}
--------------------------------------------------------------------------------------------------------------

Multiple logistic regression showed that infants aged 11--13 months (OR = 6.46, 95% CI: 1.76--23.76), 14--16 months (OR = 24.32, 95% CI: 3.86--153.05) and with HSCP/SCP (OR = 5.63, 95% CI: 1.02--31.01) were more likely to lag behind the norms in expressive vocabulary skills ([Table 2](#ijerph-17-03015-t002){ref-type="table"}). Longer main companion--infant interaction hours (\>3 h/day) showed weak evidence of a negative correlation (OR = 0.45, 95% CI: 0.20--1.002) with delays in receptive vocabulary skills.

4. Discussion {#sec4-ijerph-17-03015}
=============

This study identified vocabulary skills and explored their correlates based on a sample of Mandarin-speaking infants with unrepaired CL/P. The results indicated that (1) 72.39% (95% CI: 64.00--79.76%) and 85.07% (95% CI: 77.89--90.64%) of CL/P infants aged 8--16 months lagged behind the norms in receptive and expressive vocabulary skills; (2) compared to those aged 8--10 months and with bilateral cleft lip/palate, infants aged between 11--16 months and with hard and/or soft cleft palate were more likely to lag behind the norms in expressive vocabulary skills.

Early speech sound development might be significantly impaired before palatal surgery among infants with CL/P \[[@B14-ijerph-17-03015]\], as we found high proportions of CL/P infants lagging behind the norms in early receptive and expressive language skills. A study that used the same screening tool, i.e., the Putonghua MacArthur--Bates Communicative Development Inventories (PCDI), showed that Chinese infants with CL/P began to fall in the lexical development behind their non-cleft peers from 14 to 15 months \[[@B26-ijerph-17-03015]\]. It has been reported that the later CL/P infants take the palatal surgery, the greater the risk of sluggish vocabulary skills \[[@B9-ijerph-17-03015]\]. The Lancet series on early childhood development has already illustrated the necessity of preventative interventions to ensure children reach their developmental potential \[[@B41-ijerph-17-03015],[@B42-ijerph-17-03015]\]. However, there is a shortage of at least 100,000 Speech-Language Pathologists (SLPs) in China \[[@B43-ijerph-17-03015]\], and the number of multidisciplinary cleft lip and palate therapy centers are very limited \[[@B44-ijerph-17-03015]\]. Therefore, training programs and allocation of Chinese SLPs, early identification and intervention programs, and treatment for vocabulary skills delay among Chinese infants with CL/P should be of concern.

We found that the risks of lagging in expressive vocabulary skills among infants aged 14--16 months and 11--13 months were nearly 24 times and 6.5 times that of infants aged 8--10 months. A delay in early expressive vocabulary skills was also reported in English-speaking babies with CL/P \[[@B23-ijerph-17-03015]\]. One study that used CDI (parent report) found that lower scores in vocabulary production are maintained in cleft palate children from 16 to 30 months \[[@B22-ijerph-17-03015]\]. Another study found that infants with CP exhibited a 3-month delay in word acquisition compared with the non-cleft at 15, 18, and 21 months \[[@B45-ijerph-17-03015]\]. Compared with English, the syllable structure in Mandarin is simpler, as no consonant clusters are permitted and only the nasals /n/ and /ŋ/ are allowed as final consonants. Syllable-initial and syllable-final consonant inventories are asymmetrical \[[@B46-ijerph-17-03015]\], which could partly explain the discrepancies with our results. However, whether the phonological features of Mandarin could lead to a lagging risk in early word-learning development among Mandarin-speaking infants and toddlers with CL/P requires further cross-linguistics studies.

We found that infants with HSCP/SCP (OR = 5.63, 95% CI: 1.02--31.01) were positively associated with lagging behind the norms in early expressive vocabulary skills. The Veau's simplified classification of palatal clefts was used in this study, which includes bilateral cleft lip/palate (BCLP), unilateral cleft lip/palate (UCLP), hard/soft cleft palate (HSCP) and soft cleft palate (SCP) \[[@B47-ijerph-17-03015]\]. It should be noted that few researchers have examined the impacts of cleft type on early language skills \[[@B48-ijerph-17-03015]\], especially in China. One Chinese team studied early Mandarin vocabulary development involving 19 CLP infants and 21 CPO (i.e., HSCP and SCP in Veau's classification) infants compared with the non-cleft peers, but without exploring the associations between type of cleft palate and early language skills \[[@B26-ijerph-17-03015]\]. Studies from other countries, such as the USA, showed that at the age of 30 months, the CPO group performed worse than the CLP group on receptive and expressive language skills \[[@B19-ijerph-17-03015]\], which was consistent with our results even though focusing on different age populations. However, another study in the USA using the Bayley Scales of Infant Development (BSID) items showed that infants with CLP (*n* = 29) and CPO (*n* = 28) did not differ on the score of nonverbal and expressive language skills \[[@B49-ijerph-17-03015]\]. Disparities in methodology and limited sample sizes could partly explain the differences among various cleft type sub-groups in existing studies \[[@B17-ijerph-17-03015],[@B48-ijerph-17-03015]\]; further studies with larger sample sizes are warranted.

A longer main companion--infant interaction time (\>3 h/day) showed weak evidence of a negative correlation (OR = 0.45, 95% CI: 0.20--1.002) with lagging in early receptive language skills in the early word-learning period. The amount of parent--child interaction has been related to early language skills from a very young age (8--10 months) \[[@B50-ijerph-17-03015]\]. The TD children happen to experience a leap from prelinguistic to emerging language, but the processes by which language skills are supported by caregivers in the natural environment may be interfered with by the early pronunciation characteristics of infants with CL/P \[[@B51-ijerph-17-03015]\]. The language skills of children with CL/P become more complicated along with increasing age and operation intervention \[[@B28-ijerph-17-03015]\]; further studies with regards to parent--child interaction should be conducted.

Sex, main companion--infant interaction hours, parents' education and geographical location were not identified as correlates of early language skills in this study, which was demonstrated in some existing studies \[[@B52-ijerph-17-03015],[@B53-ijerph-17-03015],[@B54-ijerph-17-03015]\]. A previous study of Mandarin-speaking TD children has also revealed that environmental factors play a significant role in vocabulary development after 2 years of age \[[@B55-ijerph-17-03015]\].

Our study explored early receptive and expressive language skills of Mandarin-speaking infants with CL/P aged 8--16 months using a validated assessment tool. It suggested that the delay of early language skills in Chinese children with CL/P might emerge earlier, and the lagging in vocabulary skills might be unfavorable for Mandarin-speaking children. Surgical interventions should be considered early and promptly to prevent great damage in word learning among Mandarin-speaking infants with CL/P.

However, there are some limitations. Firstly, the data was from a single cleft lip and palate treatment center rather than multi-centers, which could limit the generalization. Second, a parental report instrument, i.e., the abbreviated version of CDI, was used to evaluate early language skills; the CDI and its short form have been widely used in clinical research \[[@B56-ijerph-17-03015],[@B57-ijerph-17-03015],[@B58-ijerph-17-03015],[@B59-ijerph-17-03015]\]. In addition, other characteristics, such as cognitive ability of included infants, which could be related factors, were not assessed and analyzed. Lastly, we only evaluated delay, without exploring degrees of delay in early receptive and expressive language skills, which should be further studied.

5. Conclusions {#sec5-ijerph-17-03015}
==============

In conclusion, the present study identified that lagging behind in receptive and expressive vocabulary skills was common among Mandarin-speaking infants with unrepaired cleft lip and/or palate. There were associations between age and type of cleft and vocabulary skills, which could help to better target early screening and intervention programs, CL/P infants with late operation need more efficient intervention. Further studies are also necessary, since the operation time should be determined by considering a number of other factors.
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###### 

Sociodemographic and clinical characteristics of the included infants.

  Variables                  Categories              Total (*n* = 134)   Delays in Receptive Vocabulary Skills (*n* = 97)   Delays in Expressive Vocabulary Skills (*n* = 114)                                        
  -------------------------- ----------------------- ------------------- -------------------------------------------------- ---------------------------------------------------- ------ ----------------- ---- ------ -------------------
  Sex                        Male                    69                  51.5                                               50                                                   51.5   0.0004 (0.984)    62   54.3   2.58 (0.108)
  Female                     65                      48.5                47                                                 48.5                                                 52     45.6                          
  Age (months)               8--10                   18                  13.4                                               14                                                   14.4   3.66 (0.16)       10   8.8    12.97 (**0.002**)
  11--13                     77                      57.5                51                                                 52.6                                                 67     58.8                          
  14--16                     39                      29.1                32                                                 33.0                                                 s      32.5                          
  Type of clefts             BCLP                    13                  9.7                                                9                                                    9.3    0.41 (0.814)      10   8.8    0.88 (0.642)
  HSCP/SCP \*                87                      64.9                62                                                 63.9                                                 74     64.9                          
  UCLP                       34                      25.4                26                                                 26.8                                                 30     26.3                          
  Province of residence      Shaanxi                 93                  69.4                                               65                                                   67.0   0.97 (0.324)      80   70.2   0.21 (0.647)
  Others                     41                      30.6                32                                                 33.0                                                 34     29.8                          
  Maternal education         High school and below   75                  56.0                                               54                                                   55.7   0.01 (0.91)       65   57.0   0.34 (0.561)
  College and above          59                      44.0                43                                                 44.3                                                 49     43.0                          
  Paternal education         High school and below   77                  57.5                                               55                                                   56.7   0.08 (0.772)      67   58.8   0.53 (0.466)
  College and above          57                      42.5                42                                                 43.3                                                 47     41.2                          
  Interaction time (hours)   ≤3 h                    85                  63.4                                               67                                                   69.1   4.71 (**0.03**)   72   63.2   0.03 (0.874)
  \>3 h                      49                      36.6                30                                                 30.9                                                 42     36.8                          

\*: There were two infants with SCP in the sample, so HSCP and SCP were merged. BCLP = bilateral cleft lip/palate; UCLP = unilateral cleft lip/palate; HSCP = hard/soft cleft palate; SCP = soft cleft palate. Bold values: *p* \< 0.05.
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###### 

Multiple logistic regressions on the associations between sociodemographic and clinical characteristics and vocabulary skills (*n* = 134).

  Variables               Categories              Delays in Receptive Vocabulary Skills   Delays in Expressive Vocabulary Skills                                   
  ----------------------- ----------------------- --------------------------------------- ---------------------------------------- ------- ---------- ------------ ----
  Sex                     Male                    1                                       \-                                       \-      1          \-           \-
  Female                  1.05                    0.43                                    2.51                                     0.36    0.11       1.22         
  Age (months)            8--10                   1                                       \-                                       \-      1          \-           \-
  11--13                  0.77                    0.22                                    2.75                                     6.46    **1.76**   **23.73**    
  14--16                  1.67                    0.39                                    7.15                                     24.32   **3.86**   **153.05**   
  Type of clefts          BCLP                    1                                       \-                                       \-      1          \-           \-
  HSCP/SCP                1.33                    0.33                                    5.30                                     5.63    **1.02**   **31.01**    
  UCLP                    1.56                    0.33                                    7.47                                     5.45    0.65       45.43        
  Province of residence   Shaanxi                 1                                       \-                                       \-      1          \-           \-
  Others                  1.50                    0.43                                    2.52                                     0.84    0.22       3.18         
  Maternal education      High school and below   1                                       \-                                       \-      1          \-           \-
  College and above       0.99                    0.33                                    2.99                                     0.66    0.16       2.70         
  Paternal education      High school and below   1                                       \-                                       \-      1          \-           \-
  College and above       1.04                    0.65                                    1.67                                     1.03    0.57       1.86         
  Interaction time        ≤3 h                    1                                       \-                                       \-      1          \-           \-
  \>3 h                   0.45                    0.20                                    1.002                                    1.01    0.32       3.16         

BCLP = bilateral cleft lip/palate; UCLP = unilateral cleft lip/palate; HSCP = hard/soft cleft palate; SCP = soft cleft palate. Bold values: *p* \< 0.05.
